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Brief History of Fun4All

A DeveIcCJIpment started in 2002, in use by PHENIX from 2003 on (reconstruction and analysis of
Run3 data)

A Neededto get many subsystems who developed their code independently and without
coordination under one umbrella

A Development driven by reconstruction and analysisneegd2 it 6¢& G0 S| dziéé 2 NJ
designconsiderations

A Designedor agile development in interactive armhtch use

A Modularity is keyc components can be added/modified/removed without having to modify bits
and pieces all over the place

A Plenty of functionality added over the years, some of them waiting to be rediscovered
A 2011 Adding Geant4 as subsystem
A Split from PHENIX in 2015, lots of cleanup modernization

A March2019 Fork for EIC simulations, additioreafspecific packages §
A Largefractionof full simulationsF 2 NJ ., w R2YyS gA0K Cdzyn!ff o0aFAYyR C

AndECCIHhasalready a fork as well:
https://qithub.cony ECCHEEIC coresoftware/tree/master/offline/framework



https://github.com/sPHENIX-Collaboration/coresoftware/tree/master/offline/framework

Fun4AlFramework in a nutshell

You — Fun4AllServer
H 8 ! H
Input Manager 1— Node Tree(s » Output Manager 1
/ \\
Input Igznager 2 \ ‘ Output%nager 2
v
DST :
Input Manager ATELSES esulse Output Manager n DST
Raw Data | I
Raw Data
HepMCOscar
Calibrations  Histogram Manager HepMC
EIC smear 1 l ‘ l .
Empty Root File

PostgreSQL DB  Fijle
That s all there 1 s t dsteetedby ROOTlmactok d o c



What Fun4All doe$or us

ARead input files (many different types)

AWrite output files (different types, automatic saving of selected
data objects)

ASomewhat manages the Node Tregur storage for data objects
(more later)

ACall the analysis/reconstruction modules in the order in which
the);) were reqistered (correct ordering is responsibility of the
use

AThe analysis is a continuous chain from the event generator/raw
data up to jet reconstruction

AMake snapshots at any state of the reconstruction/analysis
AAccess to calibrations

Fun4All has been our workhorse ft8 years, running raw data
reconstruction, analysis, simulations and embedding



Simulations

GEANT4 based (no GEANT3, no virtual Monte Carlo
Currentversionl10.06.p02, default physics list FTFP_BERT

Fully integrated into our analysis chain as Reconstruction Module
Modular desigrg all detectors are self contained

Configured on the macro level

Generic detectors (boxes, cylinders, cones) exist

A sPHENIXubdetectorgand a lot of ECCE) fuitgiplemented

A 9years of development

o oo To T I I

Tutorials:
https://qithub.cony ECCHEIC tutorials



https://github.com/ECCE-EIC/tutorials

G4 program flow within Fun4All .

Modular: Eac}
Fun4AllServer detector is its
1 own entity
Event generator (input file, single particle, pythia8) s providing the
1 flexibility
. Initializes Geant4 before detectors are added needed for
The processing is PHG4Reco >
. complex
done by chaining ¢
up modules. At v o EWPs
everystepthe Pnterface Detector ‘li: Construct()pA Geometry ———» g
state of the Node « Stepping Action (Hit extractio =
Tree can besaved \" Generic detector
and the analysis — Interface Detector Construct()pA Geometry ——— I|ke_ boxes,
can pick up where § cylinders, cones
it left > < Stepping Action (Hit extractiorfy— exist and can be
3 ¥ configured on a
® <+« Digitisation macro level
I J Raw Data
: RCdag
ComMmOneco v _ > Setup Volumes can be
—— Tracking,Clustering put into world or
for raw and 1 > calls mother volumes
simulated data T oWSU CAYRAY3IZ [ LBAfZ2YyaT t KZ{2yasX
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A ViaEicSmear interface (@/e-A)

Currently implemented event generators

(@D ( oPvaer))

(pers )
Djangon
L Rapgap LEPTO )
: Very peripheral heavy ion Sarteas seen by EIC detector
A Via F__gn4AII collision fromhijing ,
A Hijing i AW N
A Pythia6 i | W a¢
A Pythia8 10 GeV Au on g ! —;\"‘:j;;. Pythia8 in &
A Sartre water phantom /& ~~ layersilicon
A Jetscapdneeds work) (NSRL) :/,- ~ detector mockup
A GenericHepMC2/OSCAR 7 C . and 2T field
A Single Particle Generators Cr7 r TR X /] , WASS
A Embedding in existing events 7 TN

Full Truth information preserved: anything can be traced back to the input particle



Recap: GEAMIieps

GEANT propagates particles one step at a time. The step size is
determined by the physics processes associated with the current
particle or when a boundary between volumes is crossed

After eachstepthe user stepping method is called with a pointer
to the current volume which has access to the full information
v OSYSNAE f2aa3 LI NIOAOES Y2YSyiddzy | (



hdzNJ Dnl Ada o6eé2dzQff KSI |

In our stepping method we add the energy loss in each volume and
store the entry and exit coordinates and time (and subdetector specific
AYF2 tA1S A2YyAlLTOGA2Y SYSNBHeé:X

We also keep the ancestry for G4Hits so any hit can be traced back to a
primary particle. To reducgizewe do not store particles which do not leave
G4Hits and are not in the ancestry of a particle which created a G4Hit

4/2/2021 ECCE simulation workshop 9



Creating your own Detector Af;ym

= § will not 4alie in class,

3 classes mandatory  Optional
A Subsystem A Use of parameters

A Detector A DisplayAction
A SteppingAction

Examples implementing this beautiful box with a half pipe hole including macros:
https://github.com/sPHENBCollaboration/g4exampledetector

Template Example introduces script to add detector:
CreateG4Subsystem.pl <Detector Name>

options are:

--all : Also create autogen.sh, configure.ac and Makefile.am
--overwrite :overwrite existing files (handle with care, we only have snapshots of $HOME)
https://github.com/sPHENEC ollaboration/g4exampledetector/tree/master/template

You can then add your
detector to our existing
setups on the macro level

4/2/2021



https://github.com/sPHENIX-Collaboration/g4exampledetector/tree/master/template

doyblexsiz'% 20.;

\ 4

[ SGQa aAayYdz | g5 OF f 21

APurelymacrobased,usinggenericblocks

A20 layerShashlik

A0.2cm Tungsten
A0.5 cm Scintillator

AWork effort 30 minutes
AMostly fixing typos

lezsi ¢ 0.5;

for (inti=0;i<20;i++)

{

PHG4BlockSubsysterhdxW= new PHG4BlockSubsystebaXW',i);
boxW:>set_double_pararfi'size_x"xsiz@;
boxW:>set_double_pararfisize_y'ysize);
boxW:>set_double_pararfisize_z'zsizeVy;
boxWt>set_colo(0,1,0,0.8);
boxW:>set_double_pararfiplace_z'zsizeW?2.+zstart);
boxWt>set_string_pararimaterial”,"G4_W"); // material of box
boxW->SetActive);

boxW:>OverlapChedld);

boxW:>SuperDetectaf'boxW');

g4RecesregisterSubsyste(@oxW);

zstart+=zsizeW

PHG4BlockSubsysterhdxSc= new PHG4BlockSubsystebaXSE, i);
boxSe>set_double_pararfisize_x"xsize;
boxSe>set_double_pararfisize_y'ysizg;
boxSe>set_double_parartisize_z'zsizeSg
boxSe>set_colo(1,0,0,0.6);
boxSe>set_double_pararfiplace_z'zsizeSR.+zstart);
boxSe>set_string_pararimaterial”,"G4_POLYSTYRENE"); // material of box
boxSe>SetActive);

boxSe>OverlapChedld);

boxSe>SuperDetectof'boxSE);

g4Rece>registerSubsyste(oxSg;

zstart+=zsizeSc



1GeV/c Electron 1GeV/c -

You want to design yolEMCathat electrons/photons have a high probability to shower (many radiation lengths)
But hadrons should not (few interaction lengt$)R2 Yy Qi dzaS (22 Yl yeé | 064a2NbSNE

4/2/2021 ECCE simulation workshop 12



How Is our calorimeter doing for 1GeV/c particle:

elec

trons

nnnnn
4444444444

00000000000

ARed: energy deposited in Scintillator
AGreen: Energy deposited in absorber

ASize of our calorimeter is roughly right
AWe catch all electrons
AWe contain the electron energy
AMost Pionsbasically leave a MIP signal

ASome do leave an electron like signal in
the scintillator

We are done; not bad for 1 hour of
work in the morning of the workshop
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New detectors caie added on the macro levelthe G4 _User.C provides hooks for that
Not a single compilation was necessary for all that

ECCE simulation workshop
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The Node Tree

A The Node Tree is at the center of thRan4Al software universe (bit is more or less invisibl® 5 o
e2dz20® LUQa UKS gle ¢S ZNHIYAI'S 2dzNJ RIFUl FYR YI1S 4

A It is NOT a Root Tree

A We have 3 different Types of Nodes:
A PHCompositeNodeontains other Nodes
A PHDataNodecontains any object
A PHIODataNodecontains objects which can be written out to DST

A PHCompositeNodesnd PHIODataNodesan be saved to a DST and read back

A This DST contains rodfreesthe node structure is saved in the branch names. Due to Roots
limitations not all objects can becomHIODataNodesmart pointersseemto be problematicg
looking at ACTS track storgge

A We currently save 2 root trees in each output file, one which containgteatwiseinformation, one
which contains theunwiseinformation

A Input ManagersecreatePHCompositeNodiyout and pubbjects aPHIODataNodesn the node
tree, output managers savayout and selecteé?HlIODataNode® a file.

A Fun4All can manage multiple independent node trees



Access to Data Objects,
understanding our Node Tree

I PHCompositeNod'a

PHDataNode

| PHIODataNod#g

PRDF

g

- FIELD_CONF|G - PHG4INEVENT - FIELD_MAP

GAGEOPARAM_PIPE PIPE—| GAGEO_PIFE
CYLINDERGEOM_P'PE PIPE—] GAHIT_PIPE

H MVTXH G4GEO_MVTX

- MVTX— G4GEOPARAM_MVTX  H MVTX— G4HIT_MVTX

GAGEOPARAM_INIT G4HIT_ABSORBER_TH€
v GACELLPARAM_INTT ¢ GAHIT_TPC

G4GEO_INT[T

CYLINDERGEOM_INTT

G4CELLGEO_INTT




PhoolNode Treen Fun4All

Comp

DSTWPHCGT

Eﬁ%ﬁﬂggﬁgg’;ﬂgﬁﬁg’;dﬁ TOP: Top of Default Node Tree
G4HIT_PIPE (I0,PHG4HitContainer) Creation and populating of other

MVTX PHCompositeNod node trees is possible (used for
G4HIT_MVTX (10,PHG4HitContainer) embedding)

INTT PHCompositeNodé
G4HIT_INTT (10,PHG4HitContainer)

TPCRHCompositeNodeé

G4HIT_ABSORBER_TPC (10,PHG4HitContainer)

G4HIT_TPC (10,PHG4HitContainer)
CEMC_ELECTRONRFompositeNogeé

G4HIT_CEMC_ELECTRONICS (I10,PHG4HitContainer)
CEMC_SPPIHCompositeNodé

G4HIT_CEMC_SPT (10,PHG4HitContainer)
G4HIT_CEMC (10,PHG4HitContainer)
G4HIT_ABSORBER_CEMC (I0,PHG4HitContainer) o _ _
HCALINRHCompositeNodé Print it from the command line with

G4HIT_ABSORBER_HCALIN (I0,PHG4HitContainer)  Fun4AllServer *se = Fun4AllServer::instance();
X se->Print("NODETREE");

You will see this printout of the node tree
whenever the processing starts



PhoolNode Treen Fun4All

Node Tree undeTopNodeTOP

NPHIDataNode
PIPERHCompositeNodé

G4HIT_PIPE (10,PHG4HitContainer)
MVTX PHCompositeNogé

G4HIT_MVTX (10,PHGA4HitContainer)
INTT PHCompositeNodé

G4HIT _INTT (10,PHG4HitContainer)
TPCRHCompositeNogé

GAHIT _ BER_TPC (I0,PHGA4HitContainer)
RUN PHCompositeNodé

FIECD _CONFIG (10,PHFieldConfigvl)
PIPERHCompositeNodé
G4GEOPARAM_PIRE,PdbParameterMapContainer

CYLINDERGEOM_PIPE (10,PHGA4CylinderGeomContai

MVTX PHCompositeNogé

GA4GEOPARAM_MVTR,PdbParameterMapContainer

INTT PHCompositeNodé
G4GEOPARAM_INTO,PdbParameterMapContairjer

X

DST and RUN Node: default for 1/0O
uDST¢ eventwise
0RUN- runwise
Objects under the DST node are reset afte
every event to prevent event mixing. You
can select the objects to be saved in the
output file. Subnodes like SVTX are saved
and restored as well. DST/RUN nodes can
be restored from file under other TopNodep
ROOT restrictions apply:
Objects cannot be added while running to
avoid event mixing

r

You will see this printout of the node tree
whenever the processing starts

Print it from the command line with
Fun4AllServer *se = Fun4AllServer::.instance();
se->Print("NODETREE");
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HCALI CompositeNo
G4HIT_A ~HCAL

PhoolNode Treen Fun4All

Node Tree undefopNodeTOP
TOP PHCompositeNogé
DSTRHCompositeNodé
PHG4INEVEQPHDataNodp
PIPERHCompositeNogé

G4HIT_PIPE (10,PHG4HitContainer)

G4HIT_HCAL@O,PHG4HitConta|ner)
G4CELL _HCA (10,PHGA4CellContainer)
TOWER_SIM_H CALIW
TOWER_RAW_ HCAU®,RawTowerContaingr
TOWER_CALIB_HCAILOYRawTowerContaingr
CLUSTER_HCALUWBLRawClusterContainer

BBC PHCompositeNodé

BbcVertexMag(|0,BbcVertexMapyt)

TRKRRHCompositeNode

TRKR_H|TSHQ@%&%@@D
TRKR_HITTRUTHAS rkrHitTruthAssqc
TRKR_CLUSTW
TRKR_CLUSTERHITA usterHitAsspc

Type of Node is given (IORsIlODataNode

N (10,PHG4HitContainer)

Class of Data 10 Object is given
(you will need to know this
when accessing the data)

object is put on the node tree. Fun4
deletes the node tree when cleaning

you give me a gookasonL Qf f
that)

up. Deleting nodes is not supported (jf

Caveat: You loose ownership once il1
1

g2 N) 2

You will see this printout of the node tree

whenever the processing starts

Print it from the command line with
Fun4AllServer *se = Fun4AllServer::.instance();

se>Print("NODETREE");



PhoolNode Treen Fun4All

Node Tree undefopNodeTOP
TOP PHCompositeNogé
DSTRHCompositeNodé
PHG4INEVENPHDataNodg
PIPERHCompositeNodé Users can add their owlAHCompositeNodes
G4HIT_PIPE (10,PHG4HitContainer) Under the TOP Node. But then resetting the

MVTX PHCompositeNoge | objects is their responsibility.
G4HIT_MVTX (I0,PHG4HitContainer)

RUN PHCompositeNogé :
FIELD CONFIG (I0,PHFieldConfigvl) The PAR node hold more complicated geometry

PIPERHCompositeNodé Objects which we do not want to save on DST
G4GEOPARAM_PIPg,PdbParameterMapContainer
CYLINDERGEOM_PIPE (I10,PHGA4CylinderGeomContainer)

MVTX PHCompositeNodé

G4GEOPARAM_MVT®R,PdbParameterMapContainer
INTT PHCompositeNogé

GAGEOPARAM_INTO,PdbParameterMapContainer You will see this printout of the node tree

CPARRHCompositeNog& > whenever the processing starts
ataNodg

ngg:g O;Tg%ilﬂtgglg?\léodp Print it from the command line with
X B Fun4AllServer *se = Fun4AllServer::instance();
se->Print("NODETREE");




Your Analysis Module

You need to inherit from the SubsysReco Baseclass
(offline/framework/fundall/SubsysReco.h) which gives the methods
GKAOK NS OFftfSR o6& Cdzyn!tftd LT &2dz
perfectly fine (the beauty of base classes)

A Init(PHCompositeNode *topNode): called once when you register
the module with the Fun4AllServer

A InitRur(PHCompositeNode *topNode): called whenever data from a
new run is encountered

A Process_eventPHCompositeNode *topNode): called for every event

A ResetEverfPHCompositeNode *topNode): called after each event is
processed so you can clean up leftovers of this event in your code

A EndRufconst intrunnumbe): called before thénitRunis called
(caveat the Node tree already contains the data from the first event of
the new run)

A EndPHCompositeNode *topNode): Last call before we quit

If you create another node tree you can tell Fun4All to call your module
with the respective topNode when you register your modue

hd

R :



Hackles By Drake Emko & Jen Brodzik

Writing your own 5

Analysis Module

L)
01 Drale Exiko & Jen Brodsk

http://hackles.org

To get help, type: CreateSubsysRecoModule.pl

Usage:

CreateSubsysRecoModule.pl <Module Name>

options:

--all : create also autogen.sh, configure.ac and Makefile.am
--overwrite :overwrite existing files

Creates <Module Name>.h and <Module Name>.cc watbudin all available methods. Much
better starting point than cutting and pasting from an existing module

The Makefile.am and configure.ac do not contain the instructions needed for i/o classes

Sorry- you will still need to cut and paste this from existing sources
4/2/2021 ECCE simulation workshop 22



How to build a package

A We useautoconfautomake(configure) to build our code
A This does put some files into your source area, be careful what you commit

A Each package (directory)hsild by itself
A You onlyhave tobuild the package you are working on

Keep your source and build areas separately, use common install area

Sourcel in <srcdir1|i—>

build1 in <builddirl>:
<srcdirl>/autogen.siyprefix=<dnstalldir>
make install

Source2 in <srcdir2e—

4/2/2021

build2 in <builddir2>:
<srcdir2>/autogen.skprefix=<nstalldir>

make nstall

One install area inigstalldir>

Use the full path so the debugg
can find the source file

|




How to use your compiled package

A The default setup from thephenixsetup scripts does not add your
Installation area

A ROOTG6 is peculiar with finding includes

A Sowe have a script to set up everything for your installation area:

source $OPTFUN4AL/ bin/setup_local.cslfor sh) <installdir>

Sourcel in <srcdir1|i—>

build1 in <builddirl>:
<srcdirl>/autogen.siyprefix=<dnstalldir>
make install

Source2 in <srcdir2e—

4/2/2021

build2 in <builddir2>:
<srcdir2>/autogen.skprefix=<nstalldir>

make nstall

One install area inigstalldir>

Use the full path so the debugg
canfind the source file

|




Deb‘L_Jg;]_g_iHg/Pro;iIi_n_g_use pr-c;f_eés;onal t_c_)c_)l_s>_s< : (ZOJ () J
0030, 204, 5 1) 2020 %2020,

{ 0, 8208 020,020, 4
90&@ deO {Qﬂﬁﬁ f{{/;s 2T |5205 ‘I{}g’y\iﬁl SZQMO'O] o }0] OSJQZ S

ARuntime checks
9 «  Avalgrind finds most memory corruptions

A insure rcf only- finds array boundary violations 10
Astatic codeanalysers J

A Cppcheck |
91 éif;’;'ﬁg%d ~v N1 1o ~ (T ZOJ
ZOJ UOJO 10‘26 Profiling

y
A Callgrindwhere doesyour codespendall its time?

. . . .
T ks abont these oo o ik AMassif:wheredid allthis memorygo-

https://wiki.bnl.qov/sPHENIX/index.php/ToolO[I 7 e VJ n 5 “d [, 7 e h V]‘



https://wiki.bnl.gov/sPHENIX/index.php/Tools

Distribution

Containers are a solution for the problem to support many

O2YLIAEtSNA YR h{Q&a 3dzZ N> yiSSAy3a ARSY(IUAOFt 2dziO02YSad |
run on the OSG as is as welH3C. Full development

possible in container

aQa 2y 1 LXi2L1A R2 o 2iNdmedF 2 N
LIS aAYdZ I dA2yasz odzi & &z
aAYdzE F GA2Y NHzyaé F2NJ RSGSOI
(Y A 2 ddavents and have to deal with calorimeter showers

that laptop approach reaches its limits quickly
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